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(54) Title of the Invention: EXPANSION MANDREL AND EXPANSION METHOD FOR LONG PIPE 
THAT USES THE EXPANSION MANDREL 



(57) Summary 
(Problem) 

Provide (1) an expansion mandrel that, when expanding a long pipe made of steel, has small firictional 
resistance and is energy efficient, with which it is possible to perform processing superior with respect to 
dimensional accuracy, and (2) an expansion method for a long pipe that uses this expansion mandrel. 

(Means for Solving) 

Pass expansion mandrel 20 through one of the opening ends of long pipe 26 made of steel, and while 
advancing/revolving this expansion mandrel 20, pressure weld to the interior surface of long pipe 26 a 
plurality of radial expansion rollers 23, 23, which are established on the periphery of expansion mandrel 
main body 25, and radially expand by spreading outward in the radial direction of this long pipe 26. 

[see source for drawing] 

(Scope of Patent Claims) 

(Claim 1) 

Expansion mandrel in which radial expansion rollers, which are pressure welded to the interior surface of a 
long pipe made of steel and are revolvable in the rough pipe length direction of that long pipe, are arranged 
on tiie periphery of the expansion mandrel main body that is passed into the long pipe. 

(Claim 2) 

The expansion mandrel according to Claim I, wherein said radial expansion rollers are multiply established 
at equal intervals in the circumferential direction of the mandrel main body. 



(Claim 3) 

The expansion mandrel according to either Claim 1 or Claim 2, wherein said expansion mandrel main body 
is formed in a multistage manner such that the radius progressively increases towards the rear edge from 
the front edge that is passed into the long pipe, and said radial expansion rollers are multiply established 
circumferentially at equal intervals on each radial region. 

(Claim 4) 

The expansion mandrel according to Claim 1, Claim 2, or Claim 3, wherein said expansion mandrel main 
body is established on the tip of a plunger that can advance and retreat freely and can revolve freely, and 
the revolution direction of said radial expansion rollers is established having a slight inclination with 
respect to the pipe length direction of the long pipe corresponding to said forward revolution of the plunger. 

(Claims) 

Expansion method for long pipe in which the expansion mandrel is passed through one of the opening ends 
of the long pipe to be expanded, and the interior surface of said long pipe is pressed outward by radial 
expansion rollers that are established on the periphery of the expansion mandrel. 

(Detailed Description of the Invention) 

(0001) 

(Technical Field of the Invention) 

The present invention is related to an expansion mandrel that is ideal for expanding long pipe made of steel, 
and the expansion method for long pipe that uses this expansion mandrel. 

(0002) 
(Prior Art) 

Conventionally, when expanding long pipe made of steel, expansion is performed by using a tapered 
expansion mandrel such as that shown in Figure 4, for exan^le. With this, the indicated tapered expansion 
mandrel 20 is passed through one of the opening ends of long pipe 26, and by driving this expansion 
mandrel 20 into long pipe 26 while applying prescribed load P, the interior surface of long pipe 26 is 
pressed outward with the large radius region 24 from the tapered region 22 of this expansion mandrel 20, 
and it is advanced through the interior of long pipe 26 interior while expanding. 

(0003) 

Technology related to this has been previously shown in numerous patent publications, and Unexamined 
Patent Application Publication H7-148516, for exan^le, is an invention that, when extracting the long pipe 
with a die, performs expansion and extraction simultaneously by passing a core bar (mandrel) through the 
inside of the long pipe. 

(0004) 

Moreover, Published Japanese Translation of a PCT Application H-507610 (International Publication 
Number W093/25799) documents an invention that, when expanding an oil drilling pipe with the borehole 
interior underground, expands while drawing the expansion mandrel up. Furthermore, the invention of 
International Publication WO98/00626 likewise expands by passing an expansion mandrel through the oil- 
drilling pipe, and the invention of this publication attempts to reduce the frictional resistance at the time of 
expansion by coating the periphery of the expansion mandrel with ceramics. 

(0005) 

(Problems Addressed by the Invention) 

However, through such generally known conventional expansion mandrels (including tapered mandrels), 
because all of them atten:^}t to radially expand by pressing the interior surface of the long pipe with a load 
added to the mandrel, there are problems in which the frictional resistance between the interior surface of 
the long pipe and the mandrel is large, the mandrel does not move smoothly, and processing speed is slow. 



(0006) 

Moreover, there are also problems in which frictional heat is generated due to the fact that the frictional 
resistance between the long pipe and the mandrel is large; in this way, the load applied to the mandrel is not 
sufficiently transmitted as the expansion force of the long pipe and the energy efficiency is low. 
Furthermore, there was also fear of the problem in which, because the mandrel does not move smoothly 
due to the frictional resistance and travels discontinuously by repeating intermittent thrusting movements, 
the external diameter of the expanded long pipe is not constant and a rippling phenomenon occurs on the 
surface, or processing deformations develop on the long pipe due to firictional resistance. 

(0007) 

The problems addressed by the present invention are to enable the increase of expansion speed when 
expanding long pipe made of steel or other material, reducing the frictional resistance between the long 
pipe and the mandrel and raising energy efficiency through processing, further providing an expansion 
mandrel without ripples on the expansion surface &om the perspective of quality, and providing an 
expansion method for long pipe that uses this expansion mandrel. 

(0008) 

(Means for Solving the Problems) 

In order to solve these problems, the expansion mandrel of the present invention is summarized m that 
radial expansion rollers, which are pressure welded to the interior surface of a long pipe made of steel and 
are revolvable in the rough pipe length direction of that long pipe, are arranged on the periphery of the 
expansion mandrel main body that is passed into the long pipe. 

(0009) 

Through the expansion mandrel of the present invention that has the aforementioned configuration, by 
passing the mandrel through a long pipe made of steel and pulling or driving it, the radial expansion rollers 
that arc established on the periphery of the mandrel main body advance while revolving in the rough pipe 
length direction in the state in which they are pressure welded to the interior surface of that long pipe. 
Therefore, the interior surface of the long pipe is spread out in the radial direction, plastic deformed, and 
expanded. ' 

(0010) 

At that time, because it is expanded while said radial expansion rollers revolve the interior surface of said 
long pipe, the frictional resistance between the interior surface of the long pipe and the expansion mandrel 
is extremely small. Therefore, the expansion mandrel is able to move smoothly through the inside of the 
long pipe with low movement resistance, so it is possible to increase processing speed. Furthermore, die 
tractive force and the pressing force necessary to insert the expansion mandrel can be small, and energy 
efficiency can thus be increased without the generation of heat such as frictional heat. Moreover, this 
eliminates the rippling phenomenon that occurs on the surface of the long pipe due to the fact that the 
mandrel does not move smoothly due to frictional resistance, and it is thus possible to improve processing 
accuracy. 

(0011) 

In this case, if said radial expansion rollers are multiply arranged at equal intervals in the circumf erential 
direction of the mandrel main body, the interior surface of the long pipe will radially ejqjand through the 
expansion force that is uniformly dispersed circumferentially, so it will be possible to increase the 
circularity of the cross sectional shape of this radially expanded long pipe, and to radially expand with high 
dimensional accuracy. 

(0012) 

In this case, said expansion mandrel main body should be formed in a multistage manner such that the 
radius progressively increases towards the rear edge from the front edge that is passed into the long pipe, 
and said radial expansion rollers should be multiply established circxunferentially at equal intervals on each 
radial region. By doing so, the radial expansion of the long pipe is divided into multiple stages and 
performed gradually. Accordingly, the frictional resistance in each stage is reduced, the load of the radial 
expansion rollers is lightened, and it is possible to increase the processing speed. 



(0013) 

Furthermore, said expansion mandrel main body should be established on the tip of a plunger that can 
advance and retreat freely and can revolve freely, and the revolution direction of said radial expansion 
rollers should be established having a slight inclination with respect to the pipe length direction of the long 
pipe corresponding to said advancement/revolution of the plunger. By doing so, the expansion mandrel also 
revolves circumferentially while advancing through the inside of the long pipe through the advancement 
and revolution of the plunger, and the radial expansion rollers are thereby uniformly pressure welded to the 
interior surface of the long pipe and it is possible to obtain a long pipe that has high circularity. Moreover, 
because the expansion mandrel travels forward through the inside of the long pipe while revolving, 
movement in that traveling direction is performed smoothly, and expansion is performed quickly. 

(0014) 

The expansion method for long pipe of the present invention is summarized in that the expansion mandrel 
is passed through one of the opening ends of the long pipe to be expanded, and the interior surface of said 
long pipe is pressed outward by radial expansion rollers that are established on the periphery of the 
expansion mandrel. 

(0015) 

In this case as well, if the system is configured such that (1) as in Claim 2 or Claim 3, the radial expansion 
rollers are multiply established at equal intervals in the circumferential direction of the mandrel main body, 
or the expansion mandrel main body is formed in a multistage manner such that the radius progressively 
increases towards the rear edge from the front edge that is passed into the long pipe, and said radial 
expansion rollers are multiply established circumferentially at equal intervals on each radial region, and 
furthermore, (2) as described in Claim 4, the expansion mandrel main body is established on the tip of a 
plunger that can advance and retreat freely and can revolve freely, and the revolution direction of the radial 
expansion rollers is established having a shght inclination with respect to the pipe length direction of the 
long pipe corresponding to said forward revolution of the plunger, then expansion processing will be 
performed energy efficiently and smoothly, and it will be superior with respect to processing dimensional 
accuracy as described above. 

(0016) 

(Embodiments of the Invention) 

An ideal embodiment of the present invention is described in detail below with reference to the drawings. 
Figure 1 shows an outline view of the state in which the expansion mandrel of one example of embodiment 
of the present invention passes into the long pipe that is radially expanded. It shows a cross sectional view 
with regard to the long pipe. This expansion mandrel 20 is integrally established on the tip of plunger 24 on 
a hydraulic cylinder that is not shown in the figure, and the mandrel main body 25 gradually increases the 
diameter in a multistage manner from the first radial region 21a to the fifth radial region 21e between the 
front edge that is passed into long pipe 26 and the rear edge of the plunger side. Then the spaces between 
each radial region 213-216 take tapered shapes. 

(0017) 

Radial expansion rollers 23, which are each pressure welded to the interior surface of long pipe 26 and are 
revolvable in the rough pipe length direction of pipe 26 through the extension movement of said plunger 
24, are multiply estabhshed (four rollers each in this example of embodiment) circumferentially at equal 
intervals on each radial region 21a 21e of said mandrel main body 25. Moreover, said phmger 24 is 
configured such that it performs the advancing and retreating movement and the revolving movement 
through the inside of long pipe 26 as shown. 

(0018) 

Figure 2 shows a cross sectional view of the pipe length direction of the expansion mandrel shown in 
Figure 1, One each of said radial expansion rollers 23 is arranged in the radial expansion roller moimting 
holes that are established in positions that divide each of the peripheries of the second radial region 21b to 
the fifth radial region 21 e into four equal parts. The revolution direction is established in a slightly inclined 
direction with respect to the pipe length direction of the long pipe, and radial expansion rollers 23 are 
configured such that they advance in the opposite direction (the opposite direction of the direction indicated 



by arrow B) with respect to the spiral revolution direction (the direction indicated by arrow B) of mandrel 
main body 25 through the combination of the advancement (the direction indicated by arrow C) and 
revolution (the direction indicated by anow D) of said plunger 24. 

(0019) 

As for the arrangement positions of the four radial expansion rollers 23 that are arranged on each of the 
second radial region 21b and the fourth radial region 21d and the arrangement positions of the four radial 
expansion rollers that are established on each of the third radial region 21c and the fifth radial region 21e, 
they are established alternately shifted by 45° angles in the circumferential direction. Each of the radial 
expansion rollers 23 are pressure welded to the interior surface of long pipe 26, and they are configured 
such that they, while pressure expanding this interior surface outward in the radial direction and plastic 
deforming it, advance while revolving in the direction of arrow B, which has a slight inclination with 
respect to the pipe length direction of the long pipe. 

(0020) 

Figure 3 shows a cross sectional view of the direction (pipe radial direction) that is orthogonal to the pipe 
length direction of said expansion mandrel shown in Figure 1. Four radial expansion rollers 23 are arranged 
circumferentially at equal intervals on radial region 2 lb of main body 25 of this expansion mandrel 20. 
Each of the radial expansion rollers 23 are pressure welded to the interior surface of long pipe 26 such that 
the expansion mandrel main body 25 can perform the thrusting movement while smoothly revolving in 
accordance with the extension movement and the revolution movement of said plunger 24, and they are 
arranged such that the directions in which the radial expansion rollers 23 advance are directions that are 
each inclined with respect to the pipe length direction. 

(0021) 

For example, the radial expansion roller 23 that is arranged on the upper portion in Figure 3 is established 
such that the mounting position of the right-hand edge of the revolution axis is more in the foreground 
facing the figure than the mounting position of the left-hand edge. Likewise, the other radial expansion 
rollers 23 are also each estabhshed such that the mounting position of the edge in the clockwise direction of 
the revolution axis is more in the foreground than the mounting position of the edge in the 
counterclockwise direction. 

(0022) 

Therefore, when using an expansion mandrel 20 that has been configured in this way to expand a long pipe 
26 made of steel, by passing this expansion mandrel 20 into one of the opening ends of the inside of long 
pipe 26 as shown in Figure 1 and Figure 2 and advancing plunger 24 while revolving it with a hydraulic 
cylinder not shown in the figure, as the first stage, the four radial expansion rollers 23 that are established 
on the second radial region 21b of this expansion mandrel 20 are pressure welded to the interior surface of 
long pipe 26, and in step with the revolution of each of these radial expansion rollers 23, the pipe wall of 
the portion of long pipe 26 to which each of these radial expansion rollers 23 was welded are spread 
radially outward. 

(0023) 

Next, the four radial expansion rollers 23 that are estabhshed on the third radial region 21c of this 
expansion mandrel 20 are pressure welded to the radially expanded interior surface of this long pipe 26, 
and the pipe wall of this portion is spread radially outward. Furthermore, the four radial expansion rollers 
23 that are established on the fourth radial region 21d of ftiis expansion mandrel 20 are pressure welded to 
the radially expanded interior surface of this long pipe 26, and the pipe wall of this portion is spread 
radially outward. 

(0024) 

As the final stage, the four radial expansion rollers 23 that are established on the fifth radial region 21e of 
this expansion mandrel 20 are pressure welded to the radially expanded interior surface of this long pipe 
26, and the pipe wall of this portion is spread radially outward. Circular cross section long pipe 26, in 
which the entire length is' radially expanded, is obtained by passing the expansion mandrel 20 of this 
embodiment into the entire long pipe 26 in this way. The interior diameter becomes approximately equal to 



a circle circumscribed around the four radial expansion rollers that are established on the fifth radial region 
21e. 

(0025) 

Next, long pipe 26 is gradually expanded in a multistage manner by radial expansion rollers 23, 23 . .., 
which are respectively established on the second through fifth radial regions 21b - 2 le of the expansion 
mandrel 20. During this time, because radial expansion rollers 23, 23... advance through the interior 
surface of long pipe 26 while rotating, the fnctional resistance between the interior surface of long pipe 26 
and radial expansion rollers 23, 23... is small, and smooth expansion processing can thus be conducted. 

(0026) 

Moreover, because there is almost no generation of frictional heat on the interior surface of long pipe 26 or 
mandrel main body 25 of expansion mandrel 20 or radial expansion rollers 23, 23. due to the fact that this 
ftictional resistance is small, [sic] there is no energy loss accompanying expansion processing, and 
therefore the load of the hyclraulic cylinder that advances this expansion mandrel 20, for exan:q>le, can be 
small 

(0027) 

Furthermore, because the advancing movement of the expansion mandrel is performed smoothly within 
long pipe 26, there is no occurrence of the rippling phenomenon on the pipe surface at the time of 
expansion, and pipe that is superior with respect to radial dimensional accuracy can be obtained. 

(0028) 

The present invention is not limited to the previously described embodiment, and various alterations are 
possible to an extent that does not deviate from the purport of the present invention. For example, the 
previously described embodiment shows a configuration that expands by driving an expansion mandrel into 
the long pipe through extension movements of a plunger, but a configuration that expands by pulling the 
expansion mandrel through constriction movements is also possible. Moreover, the number of radial 
expansion rollers that are arranged on each radial region of the mandrel main body is not limited to four 
each, and it is also possible to arrange three rollers or five or more rollers. It goes without saying that the 
greater the number of radial expansion rollers arranged on each radial region of the expansion mandrel, the 
closer the cross sectional shape of a long pipe that uses the mandrel will be to a perfect circle. 

(0029) 

Furthermore, radial expansion rollers were arranged in a row on the radial regions of each stage in the 
previously described embodiment, but if they are arranged in multiple rows with the arrangement positions 
of each row mutually out of phase, it is possible to arrange a greater number of radial expansion rollers at 
equal intervals on the periphery of the expansion mandrel, and by using this expansion mandrel, it is 
possible to increase the circularity of the long pipe cross section following processing. Moreover, it would 
be acceptable to configure the entire shape of mandrel main body 25 into a tapered shape such that the 
diameter gradually changes fi'om a small diameter to a large diameter from the front edge to the rear edge. 

(0030) 

(Effects of the Invention) 

Through the expansion mandrel and the expansion method that uses this mandrel in the present invention, 
when expanding long pipe made of steel, the interior surface of the long pipe is pressed outward by radial 
expansion rollers that are established on the periphery of the expansion mandrel main body and it is 
advanced through the inside of the long pipe through the revolution of the radial expansion rollers, so the 
frictional resistance at the time of expansion is small, and it is possible to improve die processing energy 
efficiency because it is possible to reduce the occiurence of frictional heat. Furthermore, the expansion 
mandrel is able to travel smoothly through the inside of the long pipe, so the processing speed and the 
prevention of the generation of ripples on the pipe surface are inq)roved, and it is extremely effective to 
apply it to the expansion operation for oil drilling pipe, for exanple. 



(0031) 

Moreover, as with the invention described in Claim 2, if radial expansion rollers are multiply arranged at 
equal intervals in the circumferential direction of the mandrel main body, the circularity of the cross 
sectional shape of the expanded long pipe increases, and it is possible to expand with good dimensional 
accuracy. Furthermore, as with the invention described in Claim 3, with an invention in which the 
expansion mandrel main body is formed in a multistage maimer such that the radius progressively increases 
towards the rear edge from the front edge that is passed into the long pipe, and said radial expansion rollers 
are multiply estabHshed circumferentially at equal intervals on each radial region, the loads of the radial 
expansion rollers of each stage arc reduced and it is possible to increase the processing speed. 

(0032) 

Furthermore, as with the invention described in Claim 4, if the expansion mandrel main body is established 
on the tip of a plunger that can advance and retreat freely and can revolve freely, and the revolution 
direction of said radial expansion rollers is established having a slight inclination with respect to the pipe 
length direction of the long pipe corresponding to said forward revolution of the plunger, then when 
advancing the expansion mandrel through the inside of the long pipe while rotating circumferentially, the 
radial expansion rollers make contact uniformly with the interior surface of the long pipe, and in addition to 
obtaining a long pipe with high circularity, the invention has the advantages that movement in this travel 
direction is performed smoothly and expansion is performed quickly. 

(Brief Description of the Figures) 

(Figure 1) 

Outline view of the state in which the expansion mandrel of one embodiment of the present invention 
passes into the long pipe that is radially expanded. 

(Figure 2) 

Cross sectional view of the pipe length direction of the expansion mandrel shown in Figure 1. 
(Figure 3) 

Cross sectional view of the direction (pipe radial direction) that is orthogonal to the pipe length direction of 
the expansion mandrel shown in Figure 1 . 

(Figure 4) 

Outline view of the generally known conventional tapered expansion mandrel. 
(Explanation of the Symbols) 

20 Expansion Mandrel 

21 Radial Region 

23 Radial Expansion Roller 

24 Plunger 

25 Expansion Mandrel Main body 

26 Long Pipe 

[see source for figures] 
(Figure 1) 
(Figure 2) 
(Figure 3) 
(Figure 4) 



LoadP 




TRANSPERFECT TRANSLATIONS 



AFFIDAVIT OF ACCURACY 



I. Kim Stewart, hereby certify that the following is. to the best of my 
knowledge and belief, true and accurate translations performed by 
professional translators of the following patents/abstracts from Japanese 
to English: 



ATLANTA 
BOSTON 
BRUSSELS 
CHICAGO 
DALLAS 
FRANKFURT 
HOUSTON 
LONDON 
LOS ANGELES 
MIAMt 
MINNEAPOLIS 
NF.W YORK 
PARIS 
PHIIADEIPHIA 
SAN DILGO 
SAN FRANCISCO 
SEATTLE 
WASHINGTON. DC 



Patent 64-75715 
Patent 2000-94068 
Patent 2000-107870 

Kim Stewart 

TransPerfect Translations, Inc. 
3600 One Houston Center 
1221 McKinney 
Houston, TX 77010 



Sworn to before me this 
26th day of February 2002. 



Signature, Notary Public 




Stamp, Notary Public 
Harris County 
Houston, TX 



3600 ONE HOUSTON CENTER. 1221 MCK.NNEY. HOUSTON. TX 77010 | TEL 715 650-0440 FAX 713 650-0439 WWW.TRANSPERFECTCOM 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



M LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 




